Abstract -Due to the low density and high porosity of the hemp hurds, the combination of hemp and binder creates a building material with good thermal and acoustic insulation properties. Today hemp hurds can be used in high-quality products such as hemp concrete, fibre board and composites.
I. INTRODUCTION
One of the possible ways to achieve sustainable development in construction industry is to use easily renewable raw material resources instead of the limited and finite material resources. Over the past few years, interest in the utilization of lignocellulosic biomass in the form of natural fibres as organic filler in composite materials for sustainable building constructions is steadily increasing [1] . Lignocellulosic materials as one of the group of fast growing plants are characterized by many excellent physical and mechanical properties which predetermine the use of plant fibres in building materials (biocomposites) prepared with inorganic matrix [2, 3] .
Traditional building materials such as concrete are increasingly being replaced by advanced composite materials, e.g. fibre reinforced polymers and fibre reinforced cement. It is expected that fibre/polymer composites will expand their usage in the near future due to the advantages offered by these materials, i.e. adequate strength, low weight and low maintenance cost.
Plant fibres such as hemp, jute, kenaf, sisal, bamboo and other fibres have been studied for their mechanical properties and their potential contributions in composite materials. These natural fibre reinforced composites are finding their way in the construction industry. The application of natural fibres as reinforcement in composite materials is constantly in development. The drawbacks of its mechanical properties are being studied to maximise its full potential as an alternative to synthetic fibres [4] . Nowadays, attention is paid to the technical hemp (Cannabis Sativa L.) for its building application. The hemp as a building composite component is rapidly renewable, carbon-negative, non-toxic, mildew-resistant, pestfree and flame-resistant. Technical hemp is becoming a major focus of green housing because of its energy-efficient cultivation as well as its health benefits. Excellent physical and mechanical properties of hemp predetermine its use in building materials (biocomposites) prepared with inorganic matrix [1] .
In the use of hemp fibres, the major problem is heterogeneity of this material. In general, celluloses in natural fibres are identified as a main structural component of the fibre which is present mainly in crystalline phase. Further components of plant fibres are hemicelluloses, lignin and pectin. Hemicellulose and lignin present mostly in amorphous state play an important role in controlling its properties [5] . The technical hemp (Cannabis Sativa L.) is the source of two types of fibres (Fig. 1) ; bast fibres (used mainly in the paper and textile industries) and woody fibres called hurds (in construction industry). The properties of hemp fibres depend on the fibre chemical composition. The bast fibres contain more amounts of cellulose compared to the hemp hurds. On the contrary, contents of hemicellulose and lignin as amorphous substances are higher in hurds [6] .
Hemp hurds are used in preparation of building materials, mainly in the production of thermal insulation composites due to their porous structure.
The properties of biocomposites depend on the chemical composition and structure of hemp material, matrix properties as well as good adhesion in the fibres -matrix interface. Therefore, the surface treatment procedure of the hemp fibres is used for the improvement of the adhesion in the fibresmatrix interface [4] . doi: 10.7250/rehvaconf.2015.030
The most interesting aspect about hemp fibres is their positive environmental impact and their rapid renewability. The use of cellulosic fibres as reinforcement in composites is influenced by the shape, properties and the portion of fibres. Key problem for successful application of hemp hurds as reinforcement in biocomposites is its heterogeneity and related incompatibility with matrix. The incompatibility between natural fibres and matrix leads to low interface strength in comparison to glass or carbon fibre composites. The major cause of this drawback is the presence of hydroxyl and other polar groups in natural fibres which makes them hydrophilic in nature. Many research projects have been devoted to the study of enhancement of the adhesion at the fibres-matrix (polymer or mineral) interface, using of various methods for modification of the surface fibres and matrix [7] [8] [9] . Optimizing the adhesion of fibres consists in their pre-treatment leading to removing impurities and amorphous components (pectin, lignin, hemicellulose) and separation of bundles of fibres in the fibrils [9] .
In this paper, the attention is given to physical modification of technical hemp and to the use of modified hemp hurds as organic filler in composites as well as testing of physical and mechanical properties of lightweight composites with nonconventional binder MgO-cement.
II. MATERIAL AND METHODS

A. Material
In this experimental study, the technical hemp hurds (coming from Netherlands company Hempflax) were used as a filler in composite materials. This material (Fig. 2 ) contains more hurds material than bast fibres. The used hemp material was polydispersive with a wide particle length distribution (8-0.063 mm). The mean particle length of hemp hurds was 1.94 mm. Density of hemp material was 117.5 kg·m -3 . A milled and oven-dried sample was used for the determination of chemical composition of hemp hurds. The chemical composition of used hemp material is shown in Table I.   TABLE I ESTIMATED CHEMICAL COMPOSITION OF HEMP HURDS The content of holocellulose was determined by using the modified method according to Wisea. The quantitative determination of cellulose was performed by the Kürschner-Hoffer nitration method. The content of acid-insoluble (Klason) lignin was carried out by two-step hydrolysis of polysaccharides portion in sulphuric acid. Total ash content (mineral substances) was measured by combustion of sample and subsequent annealing. Toluene-ethanol extract containing mainly extractable waxes, fats, resins as well as water extractives was obtained by extraction in a Soxhlet apparatus for 6 -8 h at 90 °C.
For the preparation of composites based on hemp hurds, alternative binder MgO-cement consisting of caustic magnesite obtained by low temperature decomposition of natural magnesite (CCM 85, SMZ a.s. Jelsava, Slovakia), silica sand (Sastin, Slovakia) with the dominant component of SiO2 (95-98 %) and sodium hydrogen carbonate (p.a) were used. MgO was milled in order to reduce its particle size. Dry milling was carried out in laboratory vibratory mill VM 4 for 5 min [10] .
B. Modification of fibres
The physical modification of dried hemp hurds was made in two ways.
At first, physical modification of hemp hurds surface was realized by its thermotreatment in hot water (100 °C) for 1 h. 100g of hemp hurds was added to 1 litre of distilled water.
The second treatment procedure was performed by using ultrasound. An ultrasonic bath TESON 10 (Tesla, Slovakia) was used for ultrasonic cleaning process of hemp hurds. This device of 10 litres tub capacity is mono-frequency with low voltage (220 V, 50 Hz, 650W of power output). The experiment was performed using samples (approximately 1000g of dried hemp hurds) immerged in 10 litres of distilled water during 60 minutes sonication.
After physical treatments, hemp hurds samples were dried at 80°C and their surface was obviously distraught and shredded. 
C. Preparation of composite samples
Experimental mixtures prepared according to the recipe published in work [11] consisted of 40 vol. % of hemp hurds (unmodified as a referential material and modified), 29 vol. % of MgO-cement and 31 vol. % of water. The components of mixture were homogenized in the dry form and then mixed with water addition. Standard steel cube forms with dimensions 100x100x100 mm were used for preparation of samples in accordance with the standard STN EN 206-1/A1 [12] . The specimens of lightweight composite materials were cured for 2 days in an indoor climate and then were removed from the forms. Curing was continued under laboratory conditions during 7, 28, 60 and 90 days.
D. Testing methods
The density, compressive strength, thermal conductivity coefficient and water absorbability were measured on hardened composite specimens under laboratory conditions. Density was determined in accordance with standard STN EN 12390-7 [13] . Compressive strengths of all lightweight composites were determined using the instrument ADR 2000 (ELE International Ltd., United Kingdom). The thermal conductivity coefficient of samples as the main parameter of heat transport was measured by the commercial device ISOMET 104 (Applied Precision Ltd., Germany). The measurement is based on the analysis of the temperature response of the studied material to heat flow impulses. The heat flow is induced by electrical heating using a resistor heater having direct thermal contact with the surface of the sample. Water absorption (after one hour) was specified in accordance with the standard STN EN 12087/A1 [14] .
III. RESULTS AND DISCUSSION
The following values are the average of three measurements.
The density values of prepared composite samples, shown in Table II The growth of compressive strength on the time of hardening of composite samples based on unmodified and modified hemp hurds is shown in Fig. 3 . As it can be seen in Fig. 3 , hemp composites based on untreated original hemp hurds have higher values of compressive strength (1.84-4.9 MPa) in comparison with composites based on hemp hurds modified by hydrothermal treatment (1.12-2.92 MPa). The same behaviour of composites has been observed in the case of hardened specimens with chemically treated hemp hurds [15] . In the case of ultrasonic treated hemp hurds, the strength parameters of prepared composites were higher than the reference sample which could be due to the shredding and cleaning the structure of hemp fibres and improving adhesion to the matrix.
The values of compressive strength of the all 28 days hardened composites shown in Fig. 4 increase with decreasing mean particle length of hemp hurds slices. This result is in accordance with published data [16] , where mechanical properties of hemp hurds composites with binder based on hydrated lime with 5% Portland cement addition are depended on the length of hemp fibres. The best effect on mechanical parameter of composites had ultrasonic treatment of hemp hurds. Higher values of compressive strength are connected with better alignment of hurds slices in volume of inorganic matrix of the composites and with the formation of a denser composite structure. .K -1 . The best values were recorded for the composite samples based on modified (hydrothermal treated) hemp hurds. These values were lower than values of thermal conductivity of hemp composites with lime binder [17] . As it can be seen in Fig. 5 , the values of thermal conductivity coefficient decrease with increasing hardening time. All measured values of the prepared bicomoposites samples are in the range acceptable for the thermal insulating materials. The water absorption values of the prepared composite samples, shown in Fig. 6 , present decreasing water absorbability of composites based on hemp hurds with increasing time of hardening. Values of water absorption are in the range 14.8 -26 % for biocomposites based on unmodified hemp hurds and in the range 10.3 -16.1% for composite samples prepared from modified hemp hurds. Water absorbability in hardened composites is dependent on the internal porous system. The results confirmed that the absorbability is decreasing over the time that may indicate the fact that hydration products of binder gradually fill the vacant interior spaces in the composite.
As Fig. 6 shows, the specimens with modified hemp hurds have observably lower values of water absorption than composites based on unmodified fibres. It means that the physical modification of hemp hurds reduced water absorption of the lightweight composites based on cellulosic fibres. According to literature data [18] and our results, the physical treatment changes structural and surface properties of the fibres but it does not extensively change their chemical composition (Table III) . 
IV. CONCLUSIONS
This paper deals with the application of hemp hurds as organic filler in unmodified and modified form in building materials. Physical modification of hemp hurds by hydrothermal treatment (cooking in hot water) and ultrasonic treatment were used as the methods for removal of organic and inorganic loosely bound contaminants from surfaces of hemp hurds. The results show that modification of hemp hurds has an impact on some physical properties and strength parameter of hardened biocomposites prepared with MgOcement as an alternative binder.
The values of compressive strength, thermal conductivity coefficient and water absorbability of hemp composites depend on the time of hardening as well as on the surface modification of hemp hurds slices.
The values of all of prepared composite samples predetermine this material to its use as a thermal insulation. Performance is positive in terms of future use of lightweight lignocellulosic composites. The composites on the fast natural renewable material source are potentially contributing to sustainable development due to their environmental benefits.
More investigations are needed to understand and explain the influence of physical modification of natural fibres and the use of alternative binder in nature composites structure.
